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ABSTRACT 
Statistical interpretation of geochemical data was used to deter-
mine the environment of deposition of the Maquoketa Formation in Pike 
County, Missouri. A cyclic sequence was noted which can be best ex-
plained by cyclic climatic changes. During the study it was found 
that elemental relationships which would be expected in a freshly de-
posited sediment can be found in core samples. In samples from out-
crops and quarry faces these realtionships have been destroyed. As 
these elemental relationships reflect mineralogical relationships, 
serious doubts have arisen as to the validity of petrographic studies 
of samples taken from outcrops. This study indicates weathering may 
be responsible for many features which previously have been described 
as diagenetic. 
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The geochemical study of the Maquoketa Formation was undertaken 
for two reasons: 1) to attempt to delineate through geochemical means 
the environment of deposition of the Maquoketa Formation, and 2) to 
determine the comparative reliability of geochemical samples taken 
from cores, quarry faces, and outcrops. 
Area 
The area of study is located in Pike County, Missouri, approxi-
mately seventy miles northwest of St. Louis (Fig. 1). The area is 
bounded by Louisiana, Missouri on the north and Clarksville, Missouri 
on the south. Many roads pass through the area, but it is best serv-
iced by Missouri State Highway #79. The area has a temperate climate 
and is one of moderate relief. 
Rowley (1908) described the general geology of the area. Although 
his report is written in slightly archaic terms, it is still a good 
general reference. 
Maquoketa Formation 
The Maquoketa Formation was first named by White (1870) for expo-
sures on the Little Maquoketa River, Dubuque County, Iowa. In the 
area of study the formation is typically a series of alternating, 
thinly laminated shales and shaly limestone beds. Because the shales 
weather more rapidly, the limestone beds on outcrops will stand out in 
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Figure 1. Location map of study area. Dark areas indicate Maquoketa 
outcrop pattern. 
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discontinuous. Periodically in the section studied there are found 
beds up to two and one half feet thick which are slightly more dolo-
mitic than the normal limestone. These thicker beds appear to be con-
tinuous in the area studied. Pyrite crystals can be found throughout 
the formation, and in samples from the core thin pyrite bands were 
occasionally observed. The formation normally forms grass covered 
slopes so while it is exposed at the surface over a fairly wide area, 
there are very few outcrops which are suitable for sampling. 
In the area of study the formation unconformably overlies the 
Kimmswick Formation of middle Ordovician age and it is unconformably 
overlain by the Silurian Edgewood Formation. 
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Kay (1935) gave the age of the formation as Upper Ordovician (Cin-
cinnatian). Templeton (1963) concures with this age and also gives a 
very good description of the regional relationships of the Maquoketa 
Formation. Many other studies have been conducted and Kettenbrink 
(1969) gives a very complete list of references on the Maquoketa For-
mation. 
Field Procedures 
Samples were collected during the summer of 1968 with the aid of 
Mr. Ed Kettenbrink. Outcrop samples were collected near Stark Nursery, 
Louisiana, Missouri 1n the NE. 1/4, SW. 1/4, Sec. 24, T. 54 N., R. 24 W. 
Pike County, Missouri. These samples were labeled "S". Quarry face 
and core samples were obtained from the property of the Dundee Cement 
Company, Clarksville, Missouri. Samples from the quarry faces were 
labeled "D" and core samples were given their drilling number. All 
samples collected were numbered from the top to the bottom of each 
section. Samples from the quarry face were collected at one foot in-
tervals. Sampling was confined to six feet above the lowest high dol-
omite bed as it was not safe to collect samples above that range. 
Samples from the outcrop were taken at each limestone bed. Two cores 
were analyzed. In core #76 samples were taken at each limestone and 
shale bed. Limestone samples were labeled "L" and shale samples were 
labeled "S". In core #72 samples from the high dolomite bed were 
taken at two inch intervals. 
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Limestones which have magnesium values greater than five per cent 
were analyzed separately and will be referred to as the high dolomite 
beds. 
Preparation of Samples 
All chemicals used in sample preparation and in the analysis were 
of reagent grade. Distilled water was obtained through the distilla-
tion of deionized water in a Barnstead model EPR-l/2C still. 
Upon receiving the samples in the lab the outside of each sample 
was chipped off and discarded to obtain uncontaminated surfaces. The 
samples were then ground in a ball mill until they would pass a 200 
mesh sieve. They were then stored in glass vials. 
Two subsamples were taken from each sample. A one-half gram sub-
sample was set aside for total analysis. The acid soluble fraction was 
prepared in the following manner. A two gram subsample was transferred 
to a 100 milliliter pyrex centrifuge tube and a solution of .5 normal 
hydrochloric acid was added to the sample in five milliliter aliquotes. 
A .5 normal acid was chosen to assure that any dolomite in the sample 
would go into solution. The sample was then agitated until efferves-
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cence ceased~ more acid was added~ and the procedure was repeated 
until the addition of acid no longer caused effervescence. The sample 
was then centrifuged for five minutes at 2500 rpm and the supernatent 
fluid decanted off and stored. Ten milliliters of distilled water 
were added to the insoluble material which was then agitated and cen-
trifuged for five minutes. The fluid was again decanted off and added 
to the previous solution. Ten milliliters of ten percent lanthanum 
solution~ prepared as described in the Perkin-Elmer Manual (1966), were 
added to each sample to eliminate interference from aluminum and phos-
phorus during analysis. The sample was then diluted to 100 milliliters 
with distilled water and stored in polyethylene bottles until analysis. 
The insoluble material left in the bottom of the centrifuge tube 
was dried and weighed to determine the percent of the sample that was 
acid soluble. 
The acid insoluble fraction and the total fraction were prepared 
using the same procedure. One-half gram of sample was weighed and 
placed in a teflon beaker. Twenty milliliters of concentrated hydro-
fluoric acid and ten milliliters of concentrated nitric acid were 
added to each sample. The sample was allowed to digest for two hours 
after which three milliliters of concentrated perchloric acid were 
added. The solution then stood until all fuming stopped after which 
the sample was evaporated to dryness. Five milliliters of concentrated 
hydrochloric acid were added to the sample and the solution brought to 
a slow boil. After adding twenty milliliters of five percent lantha-
num solution to each sample~ the samples were then diluted to 100 




Analysis of the samples for calcium, magnesium, manganese, stron-
tium, and iron were made using a Perkin-Elmer model 303 Atomic Absorp-
tion Spectrophotometer. Procedures used were those described in the 
Perkin-Elmer Manual (1966). Samples were analyzed for sodium and pot-
assium with a Beckman model DU Flame Photometer using standard proced-
ures. Boron analyses were attempted using the quinalizarin method 
outlined in Snell and Snell (1954). 
Statistical Procedures 
The use of statistics ln evaluation of geological data has re-
ceived much attention in the past few years. Krumbein (1965), Griffiths 
(1967), and Miller and Kahn (1963) all have published excellent books 
describing the application of statistical techniques in geology. The 
t test of population means and regression analysis were the main sta-
tistical tests applied to the data. The t test is used in setting 
confidence limits about the population means. The t test tests the 
hypothesis that no real difference exists between the populations from 
which the samples were taken and that any difference is due to chance 
alone. 
Regression analysis is used to find relationships between vari-
ables and to determine the correlation between the variables. The 
regression equation was analyzed by analysis of variance to determine 
the confidence limits of the regression equation. The procedures used 
were those outlined in the previous references. Data was run on an 
IBM model 360 computer using programs modified from the IBM Scientific 
Subroutines Package. The 99th, 95th, and 90th percentile confidence 
intervals are the three most commonly used and for purposes of this 
paper the 95th percentile was chosen as the division between signifi-
cant and insignificant data. 
Previous Work ~ the Geochemistry of Carbonate Sediments 
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Many detailed studies have been conducted to date on the geochem-
istry of carbonates and carbonate sediments. Graf (1960) has written 
a very complete, detailed paper describing the previous work in this 
field. Ingerson (1962) has outlined many of the major problems in the 
geochemistry of sediments. His paper points out the need for more 
analysis of rocks showing the various fraction in which each element 
is located. 
The Sr/Ca ratio has received much attention from investigators 
and several factors have been listed which govern the incorporation of 
this ratio in sediments. These include 1) the polymorph of calcite 
which is being precipitated, 2) the Sr/Ca ratio in the water from 
which it is being precipitated, 3) the biological effects of organisms, 
4) the temperature of the water, and 5) the salinity of the water. 
Turekian (1955, 1956, 1964) has done considerable work on the 
geochemistry of strontium with particular emphasis on the Sr/Ca ratio. 
From his work he concluded that the most important factor governing the 
Sr/Ca ratio in sediments is the Sr/Ca ratio of the water from which it 
has been precipitated. This in turn is directly related to salinity. 
Work by Kulp et al. (1962) and Odum (1951, 1951, 1957) supports the con-
clusion that the Sr/Ca ratio is dependent on salinity. Faure et al 
(1967) in work in the Great Lakes and Hudson Bay area showed a good 
linear correlation between the salinity of the water and the Sr/Ca 
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ratio in the waters and the shells of Mytilus edulis. 
Keith and Degens (1959) have done a study of probable geochemical 
indicators of marine and nonmarine environments. This work shows that 
the strontium and boron are constantly higher in marine than in non-
marine shale. Turekian (1955) believed that secondary effects such as 
ground water on the Sr/Ca ratio should tend to eliminate the differences 
between units rather than accentuate tham. Goldberg (1957) concluded 
that while there is a loss of strontium during diagenesis, recrystal-
lization should tend to lower the Sr/Ca ratio only if it took place in 
waters of lower Sr/Ca values such as waters from a nonmarine environ-
ment. 
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RESULTS* 
Calcium 
Calcium values for the three main sampling sites remained fairly 
1 2 
constant. ' In samples from both the core and the outcrop, the total 
calcium and the percent acid soluble showed a positive relationship. 3 
In the acid soluble fraction an interesting relationship appeared. 
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Calcium and the percent acid soluble in limestone samples from the core 
still showed a good positive relationship in the percent acid soluble 
fraction with a +.7648 correlation. In samples taken from the quarry 
face this relationship dropped to +.5310 and was insignificant. In 
samples from the outcrop this relationship was highly insignificant and 
dropped to +.1970. 
In the high dolomite beds there was a high correlation between the 
percent acid soluble and calcium in samples from all locations. In the 
shales from the core this relationship was still significant, but it 
became a negative relationship of -.6694. 
When the t test was applied to the population means of calcium from 
the three different locations, no difference was found; therefore cal-
cium values were from the same population in samples from the outcrop 
4 
and core. When the quarry face samples were compared to the outcrop 
samples, however, a significant difference was noted in the sample means 
of the total analysis fraction and of the acid insoluble fraction. 
Comparison of the acid soluble fraction of the limestone from the 
* In the RESULTS, references to Appendix A will be denoted by the 
number 1, Appendix B by the number 2, Appendix C by the number 3, and 
Appendix D by the number 4. 
core to the acid soluble fraction of shales from the core showed that 
the shales have a much lower average calcium content. 
In the acid soluble fraction the calcium values increased upward 
in both the limestone and the shale from the core. 3 
Magnesium 
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Magnesium showed a significant negative correlation to the percent 
acid soluble in total analysis of samples from the core and the out-
3 
crop. There was a negative relationship in the acid soluble fraction 
of samples from all three locations. In the high dolomite beds, no 
correlation was found. Shales from the core showed a significant pos-
itive relationship between the percent acid soluble and magnesium. 
When comparing population means of magnesium between the core and 
the quarry face, no difference was detected. 4 When comparing the core 
to the outcrop or the quarry face to the outcrop, significant differen-
ces were noticed in all fractions. When comparing the magnesium values 
of the acid soluble fraction of limestone in the core to the shales in 
the core there was a much higher magnesium content in the shales. A 
t test gave a value of 2.847 which was significant at the 95th percen-
tile which showed that they are definitely from different populations. 
In total analysis of limestone samples from the core, calcium and 
magnesium showed a negative correlation of -.5944. In comparing the 
same relationship in samples from the quarry face the correlation be-
came a -.9394. In samples from the outcrop this relationship became 
-.2408 and was insignificant. 
In the acid soluble fraction of limestone from the core, calcium 
and magnesium had a correlation of -.7657 in the core. In samples from 
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the quarry face the correlation dropped to -.5711 and became insignifi-
cant. Samples from the outcrop showed no correlation whatsoever. In 
the insoluble fraction of limestone from the core no correlation was 
observed between calcium and magnesium but samples from the outcrop 
showed a significant correlation of +.5566. In the high dolomite beds 
no correlation was observed in either the total fraction or in the in-
soluble fraction, but the acid soluble fraction showed a highly signifi-
cant -.8367 correlation. 
The Ca/Mg ratio decreased slightly upward in total analysis and in 
the acid soluble fraction of the limestone in the core. In the shales 
from the core total analysis showed that the Ca/Mg ratio increased up-
ward. 
Strontium 
The correlation between strontium and the percent acid soluble was 
insignificant in the acid soluble fraction in samples from all three 
locations. 3 In total analysis of the limestone from the core there-
lationship between strontium and the percent acid soluble remained in-
significant. In total analysis of the outcrop a slightly significant 
correlation of +.4528 was obtained. The acid insoluble fraction showed 
a positive correlation between the strontium and the percent acid sol-
uble in the core. The outcrop showed no correlation. 
The t test of population means showed that the strontium content 
was significantly different in samples from all three locations in the 
total fraction and in the acid soluble fraction. 4 In the comparison 
of samples from the core with samples from the quarry face, the stron-
tium content was also significantly different in the insoluble fraction. 
12 
When comparing the strontium values in the insoluble fraction of the 
shales and the limestone from the core, the limestone showed a signifi-
cantly higher content with the t-value of the population means being 
36.84. 
The strontium content in both the shales and the limestone from 
the core in the insoluble fraction increased upward. 3 In the total 
analysis of the shales the strontium content also increased upward. 
Total analysis of the limestone from the core showed no correlation 
between strontium and calcium, but total analysis of the outcrop showed 
a somewhat erratic correlation between strontium and calcium. 
Samples from the quarry face in total analysis showed a highly 
significant correlation of +.8736 between strontium and calcium. No 
correlation was observed at any of the three locations in the acid 
soluble fraction. Samples from the core and the outcrop showed a sig-
nificant correlation between calcium and strontium in the insoluble 
fraction. Samples from the high dolomite beds showed a very high cor-
relation between strontium and calcium in all three fractions. 
The Sr/Ca ratio increased upward in the core in both the limestone 
and the shale in the acid soluble fraction. In total analysis of the 
limestone from the core this upward increasing trend was also noted. 
The Sr/Ca ratio was consistently higher in the limestone than in the 
shales in the acid soluble fraction. 
In total analysis, comparison of magnesium and strontium showed a 
correlation of -.7558 in limestone from the core. Total analysis of 
the quarry face samples showed the relationship to be -.8500 while the 
outcrop samples have no correlation. 
In the acid soluble fraction the relationship between strontium 
and magnesium was eratic. The core limestone showed a -.4458 corre-
lation which was slightly significant. Samples from the quarry face 
had a -.4272 correlation which was insignificant and samples from the 
outcrop showed no correlation. 
No correlation was noted in the insoluble fraction of samples 
from the core and the quarry face, but samples from the outcrop had a 
significant correlation of +.5720. 
Shales from the core showed a high negative correlation between 
strontium and magnesium of -.8232. In the high dolomite beds a very 
high correlation of -.9191 was obtained. 
Manganese 
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In the total analysis of the limestone from the core there was a 
-.6383 correlation between manganese and the percent acid soluble. 3 
In total analysis of samples from the outcrop this correlation was a 
+.5595. No correlation was observed between manganese and the percent 
acid soluble in the acid soluble fraction at either location. In the 
insoluble fraction samples from the outcrop had a correlation of 
+.5117 and samples from the core and the quarry face showed no corre-
lation. 
The t test of population means showed a significant difference 
between the samples from the quarry face and the outcrop samples in 
total analysis. 4 In the acid soluble fraction a significant differ-
ence was detected between the samples from the core and the outcrop. 
In the insoluble fraction the limestone samples from the core and 
quarry face were from the same population whereas the outcrop samples 
were from a different population. 
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In total analysis of the limestones from the core no correlation 
3 
was noted between calcium and manganese. A correlation between 
calcium and manganese was noted in the samples from the quarry face 
and the outcrop. 
Total analysis of the shales from the core gave a positive corre-
lation between calcium and manganese while samples from the high dolo-
mite beds showed no correlation. 
Sodium 
2 Values for sodium in all cases were fairly constant. The t test 
of population means showed no significant difference in any of the 
f . 4 ract~ons. 
In total analysis of limestones from the core, sodium and potas-
3 
sium showed a good correlation of +.6944. No correlation was evident 
in samples from the outcrop. 
Potassium 
In total analysis of the core a good negative correlation was ob-
served between potassium and the percent acid soluble. 3 The limestones 
showed a -.7021 correlation and the shales showed a -.7385 correlation. 
Samples from the outcrop showed no correlation between percent acid 
soluble and potassium. 
The t test of population means showed a significant difference in 
comparison of samples from the core and the outcrop in both total 
analysis and in the insoluble fraction. 4 
In total analysis of the limestones from the core, potassium 
showed a -.6812 correlation with calcium. 3 Analysis of samples from 
the quarry face showed a -.5472 correlation which was insignificant. 
Samples from the outcrop showed no correlation whatsoever. 
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Shales from the core showed a good negative correlation between 
potassium and calcium of -.7144 and the high dolomite beds had a -.8834 
correlation. 
Comparison of potassium to magnesium showed no correlation in any 
of the limestones. The shales from the core, however, had a -.7187 
correlation. 
Iron 
Both the shales and the limestones showed a good negative corre-
lation between iron and the percent acid soluble in total analysis of 
the core. There was no correlation between iron and the percent acid 
soluble in samples from the outcrop. 3 
Comparison of limestone samples from the core with samples from the 
quarry face by the t test of population means showed a significant 
difference only in the acid soluble fraction. 4 Comparison of the core 
and the quarry face with the outcrop showed a significant difference in 
both the total analysis and in the acid soluble fraction. No signifi-
cant difference was noted in the insoluble fraction. 
Calcium and iron showed a significant correlation of -.6773 in 
total analysis of limestone from the core. 3 In samples from the 
quarry this relationship increased to -.8444. Samples from the out-
crop showed no correlation. 




As boron is known to be a good geochemical indicator of marine 
and nonmarine environments, boron analyses were attempted on the in-
soluble fraction using quinilzarin solution for an indicator. The sam-
ples tended to discolor the solution and hence it was impossible to 
match the standards, so quantitative results were impossible to obtain. 
Qualitative results for samples of the insoluble fraction of shales 
and limestone from the core indicated that samples high in strontium 
were also high in boron. 
X-Ray Analysis 
Macroscopic examination of the samples from the core seemed to 
indicate a sharp break between the limestone beds and shale beds at 
the top of the limestone beds and a gradational break between the 
shale and the limestone at the bottom of the limestone beds. 
The high dolomite bed from core #72 was selected and samples were 
taken at two inch intervals. These samples were then analyzed by x-ray 
fluorescence. Results of this analysis are presented in Table I and 
Figure 2. The analysis showed that calcium and magnesium values were 
low at the bottom of the bed and they gradually increased upward. Po-
tassium, aluminum, and silicon showed high values at the base of the 
bed and then decreased upward. Iron and sulphur were not as sharp but 
iron generally decreased upward and sulphur increased upward. 
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TABLE I 
X-Ray Fluorescence Analysis 
of High Magnesium Bed From Core 
(Results in percent) 
Sample 
Number Calcium Silicon Aluminum Iron Magnesium Sulphur Potassium 
72-1 16.00 7.05 2.54 2.83 8.64 1.16 l. 99 
72-2 16.57 6.72 2.32 2.80 8.64 .96 l. 91 
72-3 16.43 8.31 2. 86 2.80 8.70 .92 l. 99 
72-4 16.28 8.68 2.96 2.91 8.64 . 88 2.07 
72-5 13.86 13.86 4.55 2.87 7.50 .76 2.49 
72-6 15.29 10.92 3.92 2.77 8.16 .64 2.28 
72-7 14.00 13.43 4.55 2.80 7.56 .60 2.53 
72-8 12.00 16.05 5.72 3.01 6.84 .68 2.91 
72-9 12.00 16.42 5.61 2.98 6.60 .68 2.90 
72-10 9.57 18.95 6.35 3.26 5.64 .72 3.40 
72-11 9.92 18.34 6.67 3.19 5.76 .72 2.49 
72-12 10.93 17.22 6.25 3.12 6.12 .76 3.15 
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Figure 2. Plot of results of X-ray fluorescence Analysis. 
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DISCUSSION OF RESULTS 
Comparison of Sample Locations 
As it was stated in the introduction, this paper has two main 
purposes: to delineate the environment of deposition and to determine 
the reliability of samples taken from cores, quarry faces, and out-
crops. Before any attempt is made to interpret the environment of de-
position, however, it is necessary that the location of different ele-
ments under ideal conditions be determined. 
Although some of the calcium will be absorbed on the clays, most 
calcium will be in the acid soluble fraction in the form of calcite or 
dolomite. Magnesium could be an important constituent of either the 
acid soluble fraction as dolomite or the insoluble fraction incorpor-
ated in the clay structure. Strontium could be partially incorporated 
in the calcite structure, it could be in the form of celestite or it 
could be absorbed on the clays. Potassium could be incorporated in 
the clay structure or absorbed on the clays. Sodium could be absorbed 
on the clays. Both potassium and sodium could also be incorporated in 
feldspars. Iron would be mainly in the form of pyrite and will be 
ignored at the present. Manganese because of its similarity in reac-
tions in sediments to iron will also be ignored. 
While these statements are generalizations, they still establish 
the basic relationships which the different elements should have with 
one amother in an ideal sediment. If these relationships are fulfilled, 
it is safe to assume that the samples are at least a first approxima-
tion of these sediments as they were originally deposited. If the 
samples do not fit these relationships than an alternate explanation 
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must be found to explain what has changed these sediments. It would 
also be helpful to determine how much these relationships have changed. 
It is also necessary to determine if these changes would significantly 
influence any possible environmental interpretations. 
If calcium is mainly in the form of calcite, then it stands to 
reason that as the percent acid solubility of the samples increases 
the calcium content should also increase. This relationship holds up 
in the samples from the core, but it is not significant in samples 
from the quarry and does not appear in samples from the outcrop. Mag-
nesium values can increase through an increase in the clay or through 
an increase in dolomite, and, therefore, an increase in magnesium 
would cause a decrease in calcium. Limestone samples from the core 
show this negative relationship between calcium and magnesium. However, 
in samples from the quarry the relationship is again insignificant. 
The relationship is not apparent in samples from the outcrop. Sodium 
and potassium both are dependent on the detrital fraction and should 
have a positive relationship. This relationship does exist between 
these two elements in the core but it is not realized in samples from 
the outcrop. Potassium should be inversely related to both calcium 
and the percent acid soluble if it is incorporated mainly in the de-
trital fraction. These relationships do hold up in samples from the 
core but do not in the outcrop samples. Samples from the quarry face 
show some relationship between potassium and calcium but the relation-
ship is insignificant. 
It is now necessary to define two terms. Diagenesis is those 
processes involving physical and chemical changes in a sediment after 
deposition which change it into a consolidated rock. Weathering is 
those processes acting on earth materials to bring these materials 
into equilibrium with atmospheric or atmospheric produced conditions. 
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The sampling stations are in fairly close proximity of one an-
other and the effects of diagenesis should have been fairly equal in 
all three locations. The only conclusion that can therefore be drawn 
from the data is that weathering of the outcrop has destroyed many of 
the basic relationships that this formation showed when it was depos-
ited and that it has seriously affected these same relationships in the 
samples from the quarry. 
The next problem is to try to determine what has happened to the 
outcrop samples. It has already been stated that the calcium values 
seem to remain constant. As calcite is more soluble than dolomite, 
calcium should be the first element of the acid soluble fraction to 
be lost. The acid soluble magnesium should remain fairly constant 
also. The magnesium values from the core and quarry face are quite 
close, but comparison of these samples with samples from the outcrop 
shows that there is an apparent twenty-five percent loss in the in-
soluble fraction and approximately a fifty percent loss of magnesium 
in the acid soluble fraction. 
If calcite is more susceptable to weathering than dolomite then 
the only way the acid soluble fraction could have shown this large ap-
parant loss of magnesium is by the selective addition of calcite to 
the sample or by the weathering of calcite and dolomite with the sel-
ective redeposition of calcite. It appears then that calcium values 
are not as constant as they seem to be. Comparison of these results 
with the results of studies conducted in limestone caves may help to 
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explain what has happened to these samples. 
Holland (1964) showed that cave waters are relatively enriched in 
magnesium in comparison to the rocks through which they flow. He also 
showed that cave waters are either saturated or supersaturated with 
dolomite with no deposition of this mineral. Murray (1954) showed that 
very little magnesium is coprecipitated with calcite or aragonite in 
caves. Tibbs (1969, personnal communication) through his research in 
caves in Missouri, has found also that cave waters are relatively en-
riched in magnesium, and from his analysis of cave formations, reports 
that only small amounts of magnesium are reprecipitated. The waters 
flowing through caves are reacting with a near surface environment 
very similar to the type of environment found in the Zone of Weather-
ing. It appears then that while dolomite is a common mineral in the 
Zone of Diagenesis, if carbonates are formed as the result of weath-
ering, under weathering conditions calcium is the dominant mineral. 
The abraded Ph of the clay minerals will normally range from five 
to seven while the abraded Ph of carbonates is around eight for calcite 
and from nine to ten for dolomite. Waters coming in contact with the 
clays should then tend to become slightly acidic allowing for the 
small amount of carbonate in the shales to be dissolved. If the water 
then comes in contact with the limestone beds the Ph will become basic 
allowing precipitation of calcite and at the same time not allowing 
redeposition of the magnesium ions. Even with no dissolving of the 
limestone, the fact that calcite will precipitate and dolomite will not 
will result in a net increase in the amount of calcium to magnesium. 
If some of the calcite and dolomite of the limestone is dissolved any 
reprecipitation will be in the form of calcite. As calcium is the most 
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dominant element in the limestones even with a net loss in the total 
volume of the rock there may be no apparent loss of calcium, but the 
appar~nt magnesium values would decrease radically. That this process 
can and does happen can be attested to by anyone who has ever observed 
a vug in a dolomite sample from an outcrop and found calcite crystals 
inside. 
It has already been shown that the relationships which would be 
expected in a fresh sample have been radically changed by weathering. 
Appendix D shows that there is a significant change in the population 
means going from the core to the outcrop in the total analysis of 
strontium, magnesium, potassium, and iron,in the acid soluble fraction 
of strontium, magnesium, manganese, and iron, and in the insoluble 
fraction of magnesium, manganese, and potassium. If there is this 
large change in population means and if the above mechanism does pro-
ceed, the only conclusion that can be drawn from the data is that out-
crop samples can not be used to determine the original chemical compo-
sition of the rock. Samples from the quarry face must also be used 
with caution. It is generally accepted that there has to be a chem-
ical change during weathering, but with the chemical change, it follows 
that there also has to be a mineralogical change. It is rather hypo-
critical to say that geochemical studies can not be conducted on even 
slightly weathered samples and at the same time, to say that petrolo-
gical studies are valid. For example, how can it be known for sure 
from outcrop samples if the sparry calcite filling is the result of 
diagenesis or the result of weathering? How.many studies have been 
conducted on samples from outcrops in which the author described as 
diagenetic a feature which really was the result of weathering? It is 
time to seriously reevaluate sampling-techniques so that geologists 
are sure of what they are reporting before they report it. 
Environmental Interpretation 
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From the foregoing discussion, it is apparent that samples from 
the outcrop and the quarry face, because of the effects of weathering, 
do not represent the original rock. All interpretations concerning 
the environment of deposition will therefore be made using the results 
of samples from the core. 
The fine particle size of the detrital material indicates that 
this formation was deposited in a low energy environment. The high 
iron values and the fact that considerable pyrite is visible indicate 
that the formation had to be deposited in a slightly reducing environ-
ment. The results of x-ray fluorescence analysis show that the ele-
ments associated with the detrital fraction tend to be high at the 
bottom of each sequence and gradually decrease upward while the ele-
ments assiciated with the carbonate fraction tend to be low at the bot-
tom of the sequence and gradually increase. The examination of samples 
from the core, in hand specimen, shows a sharp break at the top of each 
carbonate sequence while the bottom of each sequence shows a grada-
tional change from shale to carbonate. This indicates that the lime-
stone and shale beds were the result of some type of cyclic pulsation 
which controlled deposition. 
Facies maps of the area show that materials gradually get finer 
to the northeast or into the center of the basin, indicating that the 
source area of the material was to the southwest (DuBois 1945). 
When the insoluble fraction of the limestones are compared to the 
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insoluble fraction of the shales the limestones show a higher stronti-
um value. The results of boron analysis, while only qualitative, tend 
to follow strontium. This would indicate that the limestones were de-
posited in a more marine environment (Keith and Degens 1959). The 
Sr/Ca ratio of the acid soluble fraction of the limestones is consis-
tantly higher than the Sr/Ca ratio of the acid soluble fraction of the 
shales. This information must be used with caution as it may only be a 
reflection of the higher magnesium values of the shales. If this is a 
true indication of the original depositional environment and not of 
diageneses, then this would indicate that the limestones were deposited 
in a more saline environment (Turekian 1955, 1959, 1964 and Faure et al. 
1967). 
If raising and lowering of the sea level were used to try to ex-
plain the pulsation of deposition it would explain the gradual change 
from shale to limestone at the bottom of each dequence. A change in sea 
level would not, however, explain the reason for the sharp break at the 
top of each sequence between the limestone and shale. If there were a 
sudden increase in material from the source area, it would explain the 
sharp break at the top of each sequence but would not explain the dif-
ference in salinity and marine environment. This could be explained 
if the increase in material were also marked with an increase in fresh 
water brought in~o the area resulting in dilution of the water. This 
dilution of the water would explain the reason for the lower Sr/Ca 
ratio of the shales indicating the lower salinity and the higher stron-
tium content in the insolubles of the carbonates indicating the more 
roaring environment. As the amount of material and fresh water coming 
into the area gradually decreased the amount of detrital material would 
gradually become less, carbonates would become more predominant, and 
the area would become more marine until the next influx of material. 
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That the area became progressively more marine can be shown as the 
Sr/Ca ratio of the acid soluble fraction, the calcium values from the 
acid soluble fraction, and the strontium content of the insoluble frac-
tion of the limestones and shales all increase upward. Statistically, 
iron does not show a significant decrease upward, but Figure 3 suggests 
that there is some decrease. This also could indicate that the area 
became less restricted and had better circulation as time progressed. 
The explanation for the high dolomite beds still remains a prob-
lem. Typically the beds high in dolomite have a higher content of 
insoluble material. Directly on top of these beds, there is a thick 
shale sequence. The high dolomite beds may indicate a period of low 
detrital deposition during a larger period of extremely high deposi-
tion. The high dolomite beds also might be the result of a more re-
stricted type of environment, but these beds are lower in iron which 
would indicate that this is not the case. If there is a great influx 
of material, a slight change in particle size should change the poro-
sity and permiability of the material sufficiently to allow ground 
waters more circulation, and under conditions of diagenesis, dolomite 
would be the predominant carbonate mineral. 
Samples from the core were taken and the percent acid solubility 
was plotted against the position in the sequence. Past a fourth order 
polynomial there was no more reduction in the sum of squares (Fig. 4). 
While the fit of the data is fair, if wuggests that there is a cyclic 
nature to these deposits with the possibility that if the complete core 
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Figure 3. Plot of insoluble iron values for shale and limestone 
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Climatic cycles or cycles in rainfall have been plotted by the 
weather bureau for about the past fifty years. The thickness of tree 
rings is related to the amount of rainfall an area receives and studies 
of tree rings has shown that this cyclic pattern can be traced back 
several thousand years. With the lack of continental vegetation during 
the Ordovician any change in rainfall would have had a considerable 
effect on the amount of erosion taking place in the source area with 
the resulting cyclic pattern superimposed on depositional basins. 
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CONCLUSIONS 
A statistical approach to the interpretation of geochemical data 
provides an additional tool through which the environment of deposi-
tion of sedimentary units can be evaluated. Procedures such as pre-
sented in this paper would be especially applicable in units which are 
devoid of fossils. When fossils are present, geochemical analysis can 
provide information to reinforce and supplement interpretations. 
It is apparent from this study that weathering of sedimentary 
units can alter or destroy elemental relationships which were present 
in the unit during deposition. The changes produced by weathering 
make geochemical environmental interpretations impossible. As these 
elemental relationships do reflect mineralogical relationships, pet-
rographic studies of weathered samples may be misleading and erroneous 
conclusions may be drawn from such studies. Replacement and filling 
in the sample could come about in different ways. Under diagenetic 
conditions dolomite should be the more stable carbonate. However, if 
the filling and replacement came about under weathering conditions cal-
cite should be favored. 
It is necessary that a future study be conducted in which a 
complete series of carbonate rocks be analyzed both petrographically 
and geochemically. Each series should contain rocks from all stages 
and degrees of weathering. By a comparative study of these elemental 
relationships in weathered and unweathered samples it should be 
possible to find a method which will allow the differentiation of 
weathering and diagenetic features. Such a study would give more in-
formation on the weathering procedure and the actual effects that 
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weathering has on petrographic and geochemical samples. 
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APPENDIX A 
RESULTS OF ANALYSIS 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Percent Calcium 76L22 26.99 38.10 3.91 
76Ll 15.19 33.10 1.15 76L23 29.96 39.30 2.75 
76L2 25.60 37.07 .28 76L24 31.16 37.50 9.36 
76L3 26.47 36.50 2.08 76Sl 8.32 27.80 .55 
76L4 26.06 36.83 3.65 7682 6.24 29.56 .65 
76L5 27.11 36.84 3.01 7683 6.23 29.85 .29 
76L6 28.07 37.52 4.65 76S4 7.02 26.28 .64 
76L7 18.02 33.30 l. 58 7685 6.73 28.62 .62 
76L8 24.62 36.06 2.30 7686 5.20 28.44 . 25 
76L9 30.05 39.25 4.67 7687 7.74 28.55 .67 
76Ll0 27.28 37.37 3.35 7688 6.91 29.16 . 59 
76L11 29.14 38.58 5.16 7689 6.98 29.30 .48 
76L12 29.13 37.70 4.78 76S10 2.38 29.41 .49 
76Ll3 28.31 38.90 5.09 76S1l 29.14 
76Ll4 25.90 37.40 4.13 76812 5.63 30.93 .39 
76L15 24.49 35.10 2.48 76813 4.37 30.93 .29 
76L16 10.71 22.70 l. 21 76S14 5.48 29.86 .50 
76117 ll. 09 23.30 .98 76S15 4.37 31.62 .36 
76118 12.08 23.40 1.18 76816 6.21 21.81 .52 
76119 12.70 23.50 .78 76S17 9.14 23.37 l. 26 
76120 23.61 37.70 l. 88 76818 10.54 23.32 2.89 
76121 26.98 36.70 2.20 76819 8.85 23.09 . 82 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
76S20 23.40 S2l 30.79 41.15 3.67 
76S2l 23.97 S22 27.90 36.52 4. 94 
76S22 3.99 50.21 .11 S23 25.70 37.40 2.09 
76S23 l. 87 27.98 .11 S24 26.60 37.90 2.85 
76S24 3.06 30. 75 .14 S25 25.95 33.94 3.79 
Sl 28.50 38.00 5.90 S26 .24. 46 37.80 .65 
S2 26.50 35.99 3.55 S27 25.23 35.95 2.64 
S3 28.45 37.75 2.71 S28 26.57 32.60 2.52 
S4 29.51 38.81 3.90 S29 18.20 38.10 l. 26 
S5 25.75 35.75 2.16 S30 28.14 39.20 2.41 
S6 27.13 36.30 2.65 S3l 19.21 27.20 3.47 
S7 29. 29 38.20 3.01 Dl 32.22 
S8 25.61 35.77 2.17 D2 24.67 37.80 l. 73 
S9 28.66 36.63 5.87 D3 35.80 
SlO 28.32 37.15 3.15 D4 26.31 37.40 4.18 
Sll 28.83 37.69 6.30 D5 24.17 36.10 l. 98 
Sl2 27.13 36.36 4.58 D6 24.60 36.50 2.81 
Sl3 28.89 39.34 3.15 D7 22.44 36.90 2.24 
Sl4 28.80 37.24 3.17 DB 24.41 36.80 2.46 
Sl5 26.78 36.99 6.10 D9 19.39 36.30 l. 33 
Sl6 28.81 39.62 4.83 DlO 15.16 24.00 1.05 
Sl7 26.74 36.54 5.98 Dll 25.50 36.90 2.66 
Sl8 30.27 39.02 3.39 Dl2 26.22 37.80 l. 66 
Sl9 28.90 37.42 3.11 Dl3 36.10 
S20 26.22 37.14 2.90 Dl4 6.96 32.95 .60 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Dl5 26.51 37.70 1.19 Dl6 27.22 37.30 2.63 
Percent Magnesium 76124 2.50 2.79 1. 25 
7611 2.75 4.56 1. 35 76S1 3.46 8.38 1. 50 
7612 .73 1.00 .14 76S2 2.96 8.15 1. 73 
7613 .76 .72 .86 76S3 2.81 8.07 1.48 
7614 1.17 .92 1. 42 76S4 3.13 7.88 1. 56 
7615 .88 .70 1. 34 76S5 3.11 8.22 1.69 
7616 .92 • 81 1.18 76S6 2.66 8.34 1.46 
7617 2.40 3.33 1. 40 76S7 3.38 8.56 1.62 
7618 1. 39 1.40 1. 39 76S8 2.90 8.07 1.54 
7619 .79 .64 1. 23 76S9 3.33 9.52 1. 52 
76110 1. 04 . 85 1. 47 76Sl0 3.69 10.69 1.50 
76111 • 83 .59 1. 45 76Sll 7.87 
76112 .73 .53 1. 28 76Sl2 2.42 7.54 1.36 
76113 .91 .66 1. 47 76Sl3 2.37 7.18 1.63 
76114 .98 .76 1.40 76Sl4 2.59 7.65 1.56 
76115 1. 20 1. 04 1. 50 76Sl5 2.31 7.59 1. 58 
76116 5.84 10.80 1. 93 76Sl6 4.25 11.22 1. 71 
76117 5.82 10.60 1. 86 76S17 9.50 20.16 2.03 
76118 6.98 12.10 2.06 76Sl8 6.47 14.17 1. 78 
76119 6.80 11.50 1. 62 76Sl9 5.03 11.31 1. 51 
76120 .79 .42 1. 37 76S20 11.17 
76121 .51 .22 1. 28 76S2l 10.27 
76122 .46 .15 1.10 76S22 2.27 11.35 1. 51 
76123 .45 .19 1. 20 76S23 2.06 10.66 1.49 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
76824 2.12 7.17 1.59 825 .60 .49 .92 
Sl .67 .49 1.10 S26 . 83 .77 .95 
S2 .77 .67 .99 S27 .73 .79 .91 
S3 .72 .58 1. 08 S28 .55 .48 .84 
S4 .67 .54 1.03 S29 .68 .87 .52 
85 .71 .57 1. 03 S30 .95 .85 .82 
S6 .64 .47 1.10 S31 5.61 7.55 1. 78 
S7 .54 .40 .96 Dl 5.52 
sa .56 .44 .83 D2 1. 26 l. 28 1.21 
S9 .54 .39 l. 02 D3 1.14 
SlO .55 .38 1. 01 D4 1.13 1.07 1.24 
Sll .61 .47 .96 D5 1. 27 l. 26 l. 29 
Sl2 .80 .70 1. 06 D6 l. 24 l. 25 1. 23 
Sl3 .60 .43 1. 03 D7 1.45 l. 58 l. 27 
Sl4 .74 .59 1.16 DB 1.14 1.19 1.06 
815 .99 .90 1.19 D9 1. 91 2.58 l. 21 
Sl6 . 70 .51 1. 03 DlO 7.88 12.00 1. 30 
Sl7 • 82 .56 1. 36 Dll 1. 06 1.06 1.08 
Sl8 .59 .46 1.01 Dl2 1.16 1.12 .98 
Sl9 .64 .51 1. 04 Dl3 .76 
820 1.01 .99 1. 07 Dl4 3.02 9.73 1. 38 
S21 .64 .49 1. 06 Dl5 .78 .58 1. 23 
S22 .61 .47 .98 Dl6 • 96 .85 1. 21 
S23 .76 .69 .95 
S24 .77 .72 . 87 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Parts per million Strontium 76Sl 198 578 45 
76Ll 385 820 45 7682 154 559 57 
7612 806 1130 90 7683 136 532 37 
76L3 837 1150 75 7684 166 512 52 
76L4 794 1110 99 7685 138 528 30 
76L5 805 1090 lll 7686 118 531 31 
76L6 760 1020 114 7687 156 493 42 
76L7 457 836 44 7688 144 SOB 43 
76L8 661 961 78 7689 146 483 48 
76L9 830 1080 135 76810 143 494 34 
76Ll0 693 946 94 76Sll 504 
76Lll 715 954 113 76812 125 541 44 
76Ll2 677 879 105 76Sl3 112 544 46 
76Ll3 593 807 124 76814 129 522 49 
76Ll4 621 900 94 76815 106 556 40 
76Ll5 579 848 69 76816 115 311 44 
76Ll6 162 314 42 76Sl7 135 302 44 
76Ll7 173 338 36 76818 156 338 47 
76Ll8 178 323 39 76819 158 362 45 
76Ll9 185 316 40 76S20 276 
76L20 624 979 78 76S2l 287 
76L2l 787 1070 79 76822 71 371 45 
76L22 717 1000 132 76823 83 373 63 
76L23 533 690 78 76S24 82 512 36 
76L24 366 426 110 Sl 661 877 147 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 710 962 104 S27 792 1140 74 
S3 698 922 78 S28 795 974 84 
S4 517 673 90 S29 542 1130 39 
S5 701 964 79 S30 691 960 67 
S6 736 981 79 S31 270 377 58 
S7 775 1020 66 D1 683 
sa 762 1070 57 D2 565 860 50 
S9 791 1020 126 D3 878 
S10 801 1050 92 D4 594 849 83 
Sll 823 1090 155 D5 536 796 54 
Sl2 702 944 109 D6 591 863 95 
Sl3 863 1160 127 D7 369 511 257 
Sl4 848 1090 115 DB 388 467 249 
S15 770 1080 146 D9 348 487 201 
Sl6 836 1160 126 DlO 744 1090 200 
Sl7 838 1170 143 D11 362 437 213 
S18 897 1140 138 Dl2 395 467 244 
519 892 1160 98 D13 455 
520 726 1080 72 D14 363 799 245 
S21 870 1160 100 D15 391 445 273 
S22 875 1160 124 Dl6 412 469 274 
S23 786 1140 74 
524 787 1130 73 
S25 769 1010 104 
526 786 1140 154 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Parts per million Manganese 76Sl 396 691 279 
7611 422 581 298 76S2 386 735 302 
7612 404 463 276 76S3 373 758 276 
7613 368 443 185 76S4 397 657 312 
7614 392 446 273 76S5 377 704 287 
7615 393 435 290 7686 429 721 368 
7616 381 426 269 7687 398 752 279 
7617 378 503 242 7688 486 703 460 
7618 498 457 577 76S9 608 674 589 
7619 496 424 697 76810 373 668 280 
76110 404 455 283 76811 677 
76111 409 457 286 76812 359 657 297 
76112 405 449 282 76813 331 791 260 
76113 439 501 305 76814 696 672 701 
76114 539 488 637 76815 533 733 504 
76115 419 476 312 76816 512 1110 306 
76116 654 986 394 76817 710 1040 530 
76117 636 1050 297 76818 718 1040 525 
76118 668 1030 317 76819 595 1110 303 
76119 718 1090 307 76820 1060 
76120 536 580 472 76821 1120 
76121 502 590 284 76822 382 1180 315 
76122 496 588 307 76823 366 1170 312 
76123 392 428 291 76824 361 854 310 
76124 331 341 290 81 448 537 234 
43 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 453 552 214 S27 389 489 182 
S3 456 529 253 S28 376 418 209 
S4 458 528 268 S29 306 522 124 
S5 438 514 260 S30 435 537 201 
S6 434 507 238 S3l 618 785 289 
S7 440 514 221 Dl 604 
S8 448 523 276 D2 388 478 230 
S9 423 482 263 D3 520 
SlO 428 486 262 D4 402 471 266 
Sl1 414 487 249 D5 404 483 257 
Sl2 468 552 264 D6 412 502 248 
Sl3 431 510 235 D7 369 511 257 
Sl4 450 512 265 D8 388 467 249 
Sl5 431 505 282 D9 348 487 201 
Sl6 415 487 256 DlO 744 1090 200 
Sl7 436 506 287 Dll 362 437 213 
Sl8 463 533 251 Dl2 395 467 244 
Sl9 425 476 269 Dl3 455 
S20 449 568 227 Dl4 363 799 245 
S2l 425 495 241 Dl5 391 445 273 
S22 416 479 249 Dl6 412 469 274 
S23 410 519 190 
S24 406 512 183 
S25 380 446 198 
S26 408 493 258 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Parts per million Sodium 76Sl 1280 1190 1320 
7611 1090 1050 1120 76S2 969 958 972 
7612 1030 998 1200 76S3 1000 967 1010 
7613 1050 1220 645 76S4 972 1180 902 
7614 979 1080 760 76S5 944 938 945 
7615 1050 1070 1020 76S6 852 1040 812 
7616 1010 1050 896 76S7 743 998 658 
7617 1300 1530 1040 76S8 882 972 857 
7618 990 1020 925 76S9 917 922 915 
7619 950 1010 820 76Sl0 1040 1560 871 
76110 1020 1080 873 76Sll 1180 
76111 1040 974 1200 76Sl2 1050 1010 1060 
76112 1040 1090 913 76Sl3 1210 1360 1180 
76113 1170 1250 1010 76Sl4 1100 1190 1090 
76114 1010 1160 731 76Sl5 1260 1260 1260 
76115 1200 1120 957 76Sl6 1010 748 1090 
76116 1150 649 1270 76Sl7 998 843 1090 
76117 946 635 1210 76Sl8 763 749 772 
76118 1100 952 1250 76Sl9 1180 769 1410 
76119 1120 862 1560 76S20 723 
76120 1340 871 2060 76S21 849 
76121 999 1040 909 76S22 1350 1970 1300 
76122 946 1070 700 76S23 1230 1760 1200 
76123 952 971 897 76S24 1040 1370 1000 
76124 1180 1110 1200 Sl 1000 958 1120 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 949 927 1010 S27 1060 1160 835 
83 951 1000 814 828 952 950 961 
84 976 1020 861 S29 837 1030 669 
85 987 1040 865 S30 1050 1070 1010 
86 908 973 733 831 983 868 912 
87 1060 1120 863 Dl 1090 
sa 1000 1040 932 D2 1040 1210 721 
89 1080 1200 1070 D3 1110 
SlO 1030 1060 938 D4 1010 1200 829 
Sll 919 967 799 D5 1000 1000 1000 
Sl2 1000 1090 792 D6 974 1070 804 
Sl3 970 1060 743 D7 1140 1180 1090 
814 968 966 975 DB 595 435 879 
S15 974 968 988 D9 789 955 613 
S16 977 1020 890 D10 862 918 773 
Sl7 1600 1070 2720 D11 1240 1210 1300 
818 1110 1140 1030 D12 921 988 781 
819 1050 1110 864 D13 1050 
820 983 1060 838 D14 1100 1420 1030 
821 972 1030 833 Dl5 996 1140 682 
822 978 1060 766 D16 1120 1170 1010 
823 1000 1150 713 
824 975 1060 796 
825 921 960 811 
826 1050 1200 789 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Percent Potassium 76Sl 2.25 .41 2.99 
7611 l. 36 .17 2.29 76S2 2.14 .43 2.55 
76L2 .85 .13 2.44 76S3 2.26 .42 2.72 
76L3 .57 .14 1.61 76S4 2.27 .27 2.93 
76L4 .84 .12 2.45 76S5 2.15 .31 2.66 
7615 .73 .10 2.29 76S6 2. 36 .56 2.74 
76L6 • 80 .11 2.48 76S7 l. 93 .37 2.46 
7617 1.19 .20 2.26 76S8 2.01 .44 2.46 
7618 l. 73 .14 2.31 76S9 l. 99 .39 2.46 
7619 .65 .10 2.15 76Sl0 2.12 .36 2.67 
76Ll0 .84 .16 2.45 76Sll .44 
76Ll1 .78 .10 2.50 76S12 2.51 .43 2.94 
76L12 .75 .10 2.59 76Sl3 2. 77 .82 3.07 
76Ll3 .93 .13 2.69 76Sl4 2.24 .50 2.61 
76Ll4 .89 .13 2.34 76S15 2.58 .90 2.82 
76115 1.05 .15 2.76 76S16 l. 84 .31 2.41 
76L16 l. 52 .18 2.58 76Sl7 1.60 .21 2.38 
76Ll7 l. 30 .21 2.30 76S18 • 89 .16 l. 33 
76S18 l. 23 .17 2.25 76S19 l. 77 .16 2.67 
76L19 1.51 . 26 3.10 76S20 .30 
76L20 1.11 .13 2. 61 76S21 .41 
76L21 .74 .12 2.32 76S22 1.77 1.17 l. 82 
76L22 .88 .13 2.45 76S23 2.66 l. 92 2.71 
76L23 . 86 .10 3.07 76S24 2.67 1.14 2. 83 
76L24 .41 .07 l. 86 S1 .80 .09 2.50 
'+7 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 .72 .11 2.21 S27 .69 .16 l. 81 
S3 .65 .13 2.12 S28 .'+8 .12 1.92 
S4- .58 .10 l. 91 S29 .77 . 26 l. 21 
S5 .75 .11 2.25 S30 .67 .14 1.90 
S6 . 69 .11 2.29 S31 .83 .12 2.21 
S7 .53 .1'+ l. 71 D1 .25 
S8 .53 .15 1.40 D2 .75 .10 1.90 
S9 .57 .11 l. 96 D3 .1'+ 
S10 .96 .11 3.38 D4 .81 .12 2.21 
Sl1 .66 .12 2.0'+ D5 .78 .13 2.00 
S12 .89 .12 2.11 D6 1.00 .13 2.60 
S13 . 82 .11 2.58 D7 l. 2'+ .16 2.74 
S1'+ .71 .10 2.55 D8 .79 .13 1.96 
S15 .76 .10 2.11 D9 .94 .16 l. 78 
S16 .76 .14 2.12 D10 .83 .11 1.97 
S17 .78 .12 2.19 D11 .78 .15 2.05 
S18 .70 .14 2.39 D12 .79 .13 2.20 
S19 .66 .11 2.33 D13 .14 
S20 . 82 .16 2.06 D1'+ 2.22 .53 2.6'+ 
S21 .70 .10 2.30 D15 .61 .13 l. 7'+ 
S22 .6'+ .10 2.07 Dl6 .8'+ .10 2.65 
S23 .81 .11 2.22 
S2'+ .77 .21 l. 93 
S25 .67 .14 2.11 
S26 .75 .1'+ l. 84 
48 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Percent Iron 76Sl 2.88 l. 37 3.49 
76Ll 2.11 . 73 3.19 76S2 3.02 1.60 3.36 
76L2 l. 23 .28 3.32 76S3 2.17 1.69 2.29 
76L3 .84 .29 2.20 76S4 2.04 l. 38 2.25 
76L4 .98 .28 2.55 76S5 3.12 1.61 3.54 
76L5 .97 . 28 2.69 76S6 2.77 l. 73 2.99 
76L6 1.13 .27 3.27 76S7 2.25 l. 58 2.48 
76L7 l. 64 .64 2.73 76S8 2.46 l. 64 2.69 
76L8 1.17 • 36 2.76 76S9 2.40 l. 54 2.79 
76L9 1.03 . 23 3.24 76810 2.12 l. 52 2.30 
76Ll0 .91 . 27 2.45 76Sll l. 65 
76Lll l. 02 .22 3.03 76Sl2 3.04 1.49 3.36 
76Ll2 1.10 .27 3.46 76813 2.40 1.91 2.48 
76Ll3 1.08 .17 3.07 76Sl4 2.44 l. 55 2.62 
76Ll4 l.ll . 20 2.84 76Sl5 2.95 2.15 3.06 
76Ll5 1.13 .34 2.62 76Sl6 2.43 l. 99 2.59 
76Ll6 2.54 1.69 3.21 76Sl7 2.67 l. 69 3.21 
76Ll7 2.31 l. 70 2.82 76Sl8 l. 58 l. 63 l. 54 
76Ll8 2.55 l. 80 3.28 76Sl9 2.89 1.49 3.67 
76Ll9 2.53 l. 84 3.30 76S20 l. 99 
76L20 l. 74 . 27 3.99 76S2l 2.19 
76L2l .92 .23 2.67 76S22 3.26 3.49 3.24 
76L22 2.30 .15 6.75 76S23 3.32 3. 62 3.26 
76L23 .65 .13 2.15 76S24 l. 84 2.59 l. 76 
76L24 .50 .06 2.25 Sl .71 .11 2.14 
49 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
82 . 94 . 20 2.75 827 .75 .16 1.99 
S3 .79 .13 2.61 S28 .59 .19 2.20 
S4 .82 .18 2.56 S29 .90 .49 l. 25 
S5 .83 .19 2.34 S30 . 76 .19 2.08 
S6 .81 .18 2.49 S31 l. 57 .98 2.74 
S7 .64 .13 2.13 Dl 1.16 
SB 2. 54 . 33 7.65 D2 .95 .29 2.12 
S9 .78 .16 2.56 D3 .37 
SlO . 80 .16 2.61 D4 .99 .23 2.52 
Sll .82 .17 2.49 D5 1.15 .33 2.69 
812 .99 • 27 2.76 D6 .97 . 35 2.09 
813 l. 00 .15 3.11 D7 1.11 .32 2.21 
Sl4 .68 .13 2.36 DB l. 31 . 36 2.35 
815 .90 .16 2.40 D9 l. 57 .54 2.69 
Sl6 .74 .11 2.14 DlO l. 96 2.19 l. 60 
Sl7 .90 .11 2.57 Dll . 81 .24 l. 94 
Sl8 .77 .12 2.77 Dl2 l. 00 .23 2.67 
Sl9 .66 .12 2.31 Dl3 .13 
820 .76 .16 l. 89 Dl4 1.44 l. 70 l. 38 
S21 . 83 .15 2.61 Dl5 .77 .25 l. 95 
S22 . 75 .19 2.22 Dl6 .86 .24 2.38 
S23 .98 . 27 2.43 
824 .81 .17 2.16 
S25 .69 .19 2. 07 
S26 .86 .12 2.18 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Percent ' . 10 3 I · Strontlum ~ Calclum 76Sl 2.38 2.08 8.19 
7611 2.53 2.47 3.89 76S2 2.47 l. 89 8.82 
7612 3.15 3.04 3.21 76S3 2.18 l. 78 l. 30 
7613 3.16 3.15 3.61 76S4 2.36 l. 95 8.11 
7614 3.04 3.06 2.72 76S5 2.05 l. 83 4.86 
7615 2.96 2.95 3. 6 8 76S6 2.27 l. 86 l. 22 
7616 2.71 2.72 2.45 76S7 2.01 l. 73 6.25 
7617 2.53 2. 51 2.79 76S8 2.08 l. 74 7.34 
7618 2. 6 8 2.66 3.40 76S9 2.09 l. 65 1.00 
7619 2.76 2.75 2.89 76Sl0 l. 94 l. 68 6.97 
76110 2.54 2.53 2.80 76Sll l. 73 
76111 2.45 2.47 2.19 76S12 2.29 l. 75 11.39 
76112 2.32 2.33 2.20 76Sl3 2.56 l. 76 15.75 
76113 2.09 2.07 2.44 76Sl4 2.35 l. 75 9.66 
76114 2.39 2.41 2.28 76Sl5 2.43 l. 75 10.90 
76115 2.36 2.34 2.79 76Sl6 l. 85 l. 42 8.45 
76116 l. 51 l. 38 3.46 76Sl7 1.47 l. 29 3.49 
76117 l. 56 l. 45 3.67 76Sl8 1.48 l. 45 l. 63 
76118 l. 47 l. 38 3.30 76Sl9 l. 78 l. 57 5.48 
76119 l. 45 l. 34 5.15 76S20 l. 79 
76120 2.64 2.59 4.15 76821 l. 97 
76121 2.92 2.90 3. 58 76S22 l. 78 .74 39.60 
76122 2.66 2.62 3.37 76S23 4.43 l. 33 56.60 
76123 l. 78 l. 76 2.83 76824 2.68 l. 66 25.50 
76124 1.17 1.14 1.17 Sl 2.32 2.31 2.49 
51 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 2.68 2.67 2.93 S27 3.14 3.16 2.80 
S3 2.45 2.44 2.87 S28 2.99 2.99 3.34 
S4 l. 75 l. 73 2.31 S29 2.97 2.97 3.08 
S5 2.72 2.69 3.65 S30 2.46 2.44 2.77 
S6 2.71 2.70 2.98 S31 1.41 l. 38 l. 67 
S7 2.65 2.67 2.19 Dl 2.12 
S8 2.98 2.99 2.62 D2 2.29 2.27 2.89 
S9 2.76 2.79 2.15 D3 2.45 
SlO 2.82 2.82 2.91 D4 2.25 2.27 l. 99 
Sll 2.85 2.88 2.46 D5 2.21 2.21 2.73 
Sl2 2.59 2.59 2.37 D6 2.40 2.36 3.38 
Sl3 2.98 2.95 4.03 D7 2.35 2.31 3.22 
Sl4 2.94 2.93 3.62 DB 2.27 2.26 2.05 
Sl5 2.88 2.91 2.39 D9 l. 91 l. 89 2.70 
Sl6 2.90 2.91 2.61 DlO l. 39 l. 33 3.90 
Sl7 3.13 3.19 2.38 Dll 2.04 2.04 2.11 
Sl8 2.96 2.93 4.06 Dl2 2.08 2.04 3. 85 
Sl9 3.09 3.08 3.14 Dl3 2.25 
S20 2.77 2.89 2.48 Dl4 2.08 l. 60 8.02 
S21 2.83 2.83 2.72 Dl5 2.22 2. 08 12.56 
S22 3.14 3.16 2.51 Dl6 2.20 2.19 2. 77 
S23 3.06 3.04 3.52 
S24 2.96 2.97 2.56 
S25 2.96 2.97 2.74 
S26 3.21 3.02 2.38 
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Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
Calcium/Magnesium 76Sl 2.40 3.32 .37 
7611 5.52 7.25 . 86 76S2 2.11 3.62 .38 
7612 35.07 37.10 2.01 76S3 2.22 3.70 .19 
7613 35.00 51.00 2.42 7684 2.24 3.33 .41 
7614 2.22 39.10 2.57 76S5 2.16 3.48 • 37 
7615 30.70 52.60 2.25 76S6 1. 95 3.41 .17 
7616 30.60 46.26 3.94 7687 2.29 3.34 .42 
7617 7.49 10.00 1.13 7688 2.38 3.61 .38 
7618 17.68 25.83 1.65 7689 2.09 3.08 .31 
7619 37.84 61.71 3.80 76Sl0 2.00 2.75 .33 
76110 26.33 43.76 2.28 76811 3.70 
76111 35.15 65.61 3.57 76Sl2 2.32 4.10 . 28 
76112 40.18 71.40 3.73 76813 1. 85 4.31 .18 
76113 31.14 59.38 3.46 76814 2.11 3.90 .32 
76114 26.32 49.01 2.94 76815 1. 89 4.16 • 23 
76115 20.42 34.71 1. 65 76816 1.45 1. 94 . 30 
76116 1. 83 2.10 .63 76Sl7 .96 1.19 .62 
76117 1. 90 2.19 .53 76818 1.63 1.64 1. 62 
76118 1. 73 1. 93 .57 76819 1. 76 20.42 .55 
76119 1. 87 2.04 .48 76S20 2.09 
76120 29.84 90.84 1. 37 76821 2.33 
76121 52.49 169.90 1. 73 76822 1. 76 4.42 .08 
76122 59.18 262.75 3.55 76S23 .91 2.62 .07 
76123 66.72 204.68 2.30 76824 1.44 4.28 .09 
76824 12.46 13.44 7.47 Sl 42.35 76.92 5.36 
53 
Sample Acid Sample Acid 
Number Total Soluble Insoluble Number Total Soluble Insoluble 
S2 34.64 53.47 3.59 S27 34.60 45.50 2.90 
S3 39.86 64.83 2.50 S28 48.31 68.20 2.99 
S4 44.11 72.27 3.77 S29 26.76 43.54 2.44 
S5 36.42 62.50 2.11 S30 29.74 46.28 2.93 
S6 42.50 77.80 1. 33 S31 3.42 3.60 1.94 
S7 53.94 95.26 3.12 D1 5.83 
SB 45.89 80.92 2.62 D2 19.66 29.53 1.43 
S9 53.37 95.14 5.78 D3 31.40 
SlO 51.77 96.74 3.11 D4 23.34 34.95 3.36 
Sll 47.57 80.71 6.56 D5 19.05 28.65 1.54 
Sl2 33.82 52.02 4.33 D6 19.81 29.20 2.29 
Sl3 48.23 92.57 3.06 D7 15.45 23.35 1. 76 
Sl4 39.18 62.38 2.74 DB 21.39 30.92 2.33 
Sl5 26.94 41.19 5.13 D9 10.15 14.07 1.11 
S16 43.07 77.99 4.70 DlO 1.92 2.00 . 81 
Sl7 32.77 65.02 4.40 D11 23.98 34.97 2.46 
S18 51.21 85.57 3.37 D12 22.60 33.90 1. 70 
S19 45.29 73.80 3.00 D13 47.81 
S20 25.88 37.70 2.71 D14 2.30 3.39 .43 
S21 47.81 84.32 3.47 DlS 34.21 65.56 .97 
S22 45.88 77.86 5.06 Dl6 28.44 43.67 2.18 
S23 33.64 54.40 2.20 
S24 34.55 52.49 3.26 
S25 43.03 69.41 4.12 
S26 29.36 49.02 .68 
54 
Percent Acid Soluble 
Sample % Acid Sample "a Acid Sample 96 Acid Sample % Acid 
Number Soluble Number Soluble Number Soluble Number Soluble 
7611 43.98 76Sl 28.53 S1 70.41 S25 73.51 
7612 68.84 76S2 19.34 S2 70.75 S26 64.10 
7613 70.86 76S3 20.15 S3 73.47 S27 67.68 
7614 69.21 76S4 24.87 S4 73.35 S28 79.94 
7615 71.24 76S5 21.83 S5 70.23 S29 45.99 
7616 71.25 76S6 17.55 S6 72.71 S30 69.92 
7617 52.17 76S7 25.31 S7 74.69 S31 66.23 
7618 66.12 76S8 22.24 S8 69.75 D1 37.70 
7619 73.40 76S9 22.56 S9 74.29 D2 63.59 
76110 70.35 76S10 23.81 S10 74.03 D3 61.96 
76111 71.75 76S11 20.54 S11 71.78 D4 66.63 
76112 73.99 76S12 17.16 S12 70.98 D5 65.03 
76113 68.68 76813 13.31 S13 71.13 D6 64.68 
76114 65.44 76S14 16.94 S14 75.25 D7 58.29 
76115 65.47 76815 12.82 S15 66.94 D8 63.92 
76116 44.20 76816 26.71 S16 68.94 D9 51.65 
76117 45.29 76S17 35.64 S17 67.94 D10 61.54 
76118 49.08 76S18 37.43 S18 75.45 D11 66.69 
76119 52.46 76S19 35.99 S19 75.18 D12 67.98 
76120 60.66 76820 30.37 S20 65.18 D13 72.24 
76121 71.85 76S21 24.57 S21 72.37 D14 19.66 
76122 67.52 76S22 7.74 S22 72.69 D15 69.36 
76123 74.42 76S23 6.34 S23 66.87 D16 70.93 
76124 81.04 76S24 9.54 S24 67.76 
55 
APPENDIX B 
SUMMATION OF ANALYSIS 
Calcium in percent 
Mean Standard Deviation 
761 Total 26.207 3.858 
761 Acid Soluble 37.046 1.671 
761 Insoluble 3.423 l. 966 
76S Total 6.060 2.233 
76S Acid Soluble 29.088 5.614 
76S Insoluble .601 .586 
D Total 24.676 2.210 
D Acid Soluble 37.045 .601 
D Insoluble 2.261 • 838 
s Total 27.288 2.325 
s Acid Soluble 37.274 l. 672 
s Insoluble 3.514 1.461 
M Total 13.492 3.213 
M Acid Soluble 24.017 1.161 
M Insoluble 1.445 1.004 
56 
Magnesium in percent 
Mean Standard Deviation 
761 Total 1.110 .667 
761 Acid Soluble 1.113 1.135 
761 Insoluble 1. 253 .303 
76S Total 3.468 1.733 
765 Acid Soluble 9.615 3.024 
765 Insoluble 1. 589 .143 
D Total 1. 214 .291 
D Acid Soluble 1. 264 .509 
D Insoluble 1.181 .099 
s Total .698 .129 
s Acid Soluble . 589 .167 
s Insoluble .995 .143 
M Total 6.488 .885 
M Acid Soluble 10.758 1. 686 
!1 Insoluble 1. 758 .269 
57 
Strontium in parts ~million 
Mean Standard Deviation 
76L Total 662.000 142. 809 
76L Acid Soluble 934.150 171.494 
76L Insoluble 93.335 25.512 
76S Total 131.952 30.485 
765 Acid Soluble 473.809 89.128 
76S Insoluble 43.905 7.905 
D Total 544.818 64.199 
D Acid Soluble 806.091 54.557 
D Insoluble 72.182 30.462 
s Total 768.000 90.443 
s Acid Soluble 1051.067 111.366 
s Insoluble 101.333 31.607 
M Total 196.667 39.647 
M Acid Soluble 331.167 24.028 
M Insoluble 42.667 7. 789 
58 
Manganese in parts per million 
Mean Standard Deviation 
761 Total 386.350 143.557 
761 Acid Soluble 476.500 65.050 
761 Insoluble 342.800 137.893 
76S Total 466.000 127.432 
76S Acid Soluble 829.667 189.173 
76S Insoluble 356.428 149.502 
D Total 388.273 20.732 
D Acid Soluble 474.273 21.818 
D Insoluble 246.545 23.534 
s Total 425.300 32.283 
s Acid Soluble 507.267 31.003 
s Insoluble 236.967 36.365 
M Total 673.000 48.674 
M Acid Soluble 1005.000 114.488 
M Insoluble 300.667 62.131 
59 
Potassium in percent 
Mean Standard Deviation 
761 Total . 896 . 289 
761 Acid Soluble .127 .029 
761 Insoluble 2.396 . 308 
76S Total 2.131 .429 
76S Acid Soluble .559 .436 
76S Insoluble 2.581 . 395 
D Total . 850 .163 
D Acid Soluble .130 .021 
D Insoluble 2.167 .352 
s Total .743 .187 
s Acid Soluble .129 .036 
s Insoluble 2.116 .383 
M Total l. 202 .312 
M Acid Soluble .175 .053 
M Insoluble 2.403 .394 
60 
Sodium ln percent 
Mean Standard Deviation 
761 Total .151 .198 
761 Acid Soluble .109 .013 
761 Insoluble .113 .150 
76S Total .103 .017 
76S Acid Soluble .113 .033 
76S Insoluble .103 .019 
D Total .098 .017 
D Acid Soluble .104 .022 
D Insoluble . 088 .020 
s Total .101 .012 
s Acid Soluble .104 .007 
s Insoluble .123 .165 
M Total .104 .013 
M Acid Soluble .081 .014 
M Insoluble .116 .028 
61 
Iron in percent 
Mean Standard Deviation 
761 Total 1.177 .446 
761 Acid Soluble .283 .155 
761 Insoluble 3.061 .984 
76S Total 2.572 .476 
76S Acid Soluble 1.869 .626 
76S Insoluble 2.807 .586 
D Total 1. 044 . 235 
D Acid Soluble .306 .091 
D Insoluble 2.326 .287 
s Total • 860 .334 
s Acid Soluble .180 .076 
s Insoluble 2.527 1. 027 
M Total 2.244 .399 
M Acid Soluble 1. 698 .396 
M Insoluble 2.824 .645 
APPENDIX C 
SUMMATION OF REGRESSION ANALYSIS 
Dependent Independent 
Fraction Variable VS Variable Correlation T-Value F-Value 
761 Total Calcium Acid Soluble +.9707 17.145 7.499 Significant 
761 Acid Soluble Calcium Acid Soluble +.7648 5.036 25.366 Significant 
s Total Calcium Acid Soluble +.8171 7.499 56.229 Significant 
s Acid Soluble Calcium Acid Soluble -.1970 -1.063 1.131 Insignificant 
D Acid Soluble Calcium Acid Soluble +.5310 1. 880 3.534 Insignificant 
M Acid Soluble Calcium Acid Soluble +.8570 3.326 11.063 Significant 
76S Acid Soluble Calcium Acid Soluble -.6694 -3.928 15.426 Significant 
761 Total Magnesium Acid Soluble -.5278 -2.636 6.950 Significant 
761 Acid Soluble Magnesium Acid Soluble -.6427 -3.559 12.664 Significant 
s Total Magnesium Acid Soluble -.4015 -2.320 5.380 Significant 
s Acid Soluble Magnesium Acid Soluble -.6493 -4.517 20.407 Significant 
D Acid Soluble Magnesium Acid Soluble -.9535 -9.487 89.993 Significant 
M Acid Soluble Magnesium Acid Soluble -.4885 -1.120 l. 254 Insignificant 




Fraction Variable vs Variable Correlation T-Value f-Value 
761 Total Strontium Acid Soluble +.4126 1.922 3.693 Insignificant 
761 Acid Soluble Strontium Acid Soluble -.6475 
- • 202 .041 Insignificant 
761 Insoluble Strontium Acid Soluble +.6779 3.912 15.303 Significant 
s Total Strontium Acid Soluble +.4528 2.687 7.222 Significant 
s Acid Soluble Strontium Acid Soluble -.2704 -1.486 2.209 Insignificant 
s Insoluble Strontium Acid Soluble +.2505 1.369 l. 875 Insignificant 
D Acid Soluble Strontium Acid Soluble +.3361 1.071 1.147 Insignificant 
M Acid Soluble Strontium Acid Soluble +.5986 1.494 2.233 Insignificant 
76S Acid Soluble Strontium Acid Soluble -.3729 -l. 752 3.069 Insignificant 
761 Total Manganese Acid Soluble -.6383 -3.518 12.376 Significant 
761 Acid Soluble Manganese Acid Soluble +.2248 .079 .958 Insignificant 
761 Insoluble Manganese Acid Soluble +.0215 .091 .008 Insignificant 
s Total Manganese Acid Soluble +.5596 3. 572 12. 763 Significant 
s Acid Soluble Manganese Acid Soluble -.3291 -1.844 3.402 Insignificant 
s Insoluble Manganese Acid Soluble +.5117 3.151 9.932 Significant 
D Acid Soluble Manganese Acid Soluble -.5698 -2.080 4.327 Insignificant 




Fraction Variable VS Variable Correlation T-Value F-Value 
76S Acid Soluble Manganese Acid Soluble +.0724 .316 .100 Insignificant 
761 Total Potassium Acid Soluble -.7021 
-4.184 17.503 Significant 
s Total Potassium Acid Soluble -.0942 - .501 .251 Insignificant 
76S Total Potassium Acid Soluble -.7385 -4.774 22.788 Significant 
761 Total Iron Acid Soluble -.7555 -4.893 23.938 Significant 
s Total Iron Acid Soluble -.1632 - • 875 .766 Insignificant 
76S Total Iron Acid Soluble -. 6801 -4.043 16.347 Significant 
761 Acid Soluble Strontium/ 
Calcium Acid Soluble +.1553 .685 .469 Insignificant 
76S Acid Soluble Strontium/ 
Calcium Acid Soluble -.2314 -1.010 l. 018 Insignificant 
761 Total Calcium Strontium +. 3973 l. 837 3.374 Insignificant 
761 Acid Soluble Calcium Strontium +.0312 .132 .018 Insignificant 
761 Insoluble Calcium Strontium +.6496 3.625 13.140 Significant 
s Total Calcium Strontium +.4567 2. 716 7.379 Significant 
s Acid Soluble Calcium Strontium +.1696 .910 . 829 Insignificant 
s Insoluble Calcium Strontium +.6572 4.613 21.283 Significant 




Fraction Variable VS Variable Correlation T-Value F-Value 
D Acid Soluble Calcium Strontium +.2422 .749 .561 Insignificant 
M Total Calcium Strontium +.9952 20.241 409.683 Significant 
M Acid Soluble Calcium Strontium +.9111 4.419 19.529 Significant 
M Insoluble Calcium Strontium +.9640 7.248 52.540 Significant 
76L Total Calcium agnesium -.5944 
-3.136 9.833 Significant 
76L Acid Soluble Calcium Magnesium -.7657 
-5.051 25.511 Significant 
76L Insoluble Calcium Magnesium +.3198 1.432 2.051 Insignificant 
s Total Calcium Magnesium +.2408 
-1.313 1.724 Insignificant 
s Acid Soluble Calcium Magnesium +.0262 .138 .019 Insignificant 
s Insoluble Calcium Magnesium +.5566 3.545 12.569 Significant 
D Total Calcium Magnesium -.9394 -8.217 67.522 Significant 
D Acid Soluble Calcium Magnesium 
-.5711 2.087 4.356 Insignificant 
D Insoluble Calcium Magnesium +.1105 .334 .111 Insignificant 
M Total Calcium Magnesium -.0164 - .033 .001 Insignificant 
M Acid Soluble Calcium Magnesium -.8367 -3.056 9.339 Significant 
M Insoluble Calcium Magnesium -.1211 .244 .060 Insignificant 




Fraction Variable VS Variable Correlation T-Value F-Value 
76L Acid Soluble Magnesium Strontium -.4458 
-2.113 4.464 Significant 
76L Insoluble !1agnesium Strontium -.3167 
- .134 .018 Insignificant 
s Total Magnesium Strontium -.2285 
-1.242 l. 543 Insignificant 
s Acid Soluble Magnesium Strontium +.0768 • 407 .166 Insignificant 
s Insoluble Magnesium Strontium +.5720 3.690 13.615 Significant 
D Total Magnesium Strontium -.8500 
-4.840 23.422 Significant 
D Acid Soluble Magnesium Strontium -.4272 1.417 2.009 Insignificant 
D Insoluble Magnesium Strontium +.2200 .677 .458 Insignificant 
76S Total Magnesium Strontium +.3443 l. 598 2.555 Insignificant 
76S Acid Soluble Magnesium Strontium 
-.8232 -6.321 39.953 Significant 
M Total Magnesium Strontium -.1003 .202 .041 Insignificant 
M Acid Soluble Magnesium Strontium 
-.9191 -4.664 21.751 Significant 
M Insoluble Magnesium Strontium -.0330 - .066 .004 Insignificant 
76L Total Manganese Calcium +.3290 1.478 2.185 Insignificant 
s Total Manganese Calcium +.6943 5.105 26.061 Significant 
D Total Manganese Calcium +.7046 2.979 8.872 Significant 




Fraction Variable vs Variable Correlation T-Value F-Value 
76S Total Manganese Calcium +.5758 3.069 9.421 Significant 
761 Total Sodium Potassium +.6944 4.094 16.760 Significant 
761 Acid Soluble Sodium Potassium +.4993 2.445 5.978 Significant 
761 Insoluble Sodium Potassium +.0793 .337 .114 Insignificant 
s Total Sodium Potassium + .1480 .792 .627 Insignificant 
s Acid Soluble Sodium Potassium +.2345 1. 276 1.629 Insignificant 
s Insoluble Sodium Potassium +. 2320 1.262 1. 593 Insignificant 
761 Total Potassium Calcium -.6812 -3.947 15.580 Significant 
s Total Potassium Calcium +.0163 .086 .007 Insignificant 
D Total Potassium Calcium -.5472 -1.961 3.847 Insignificant 
76S Total Potassium Calcium -0 7144 
-4.451 19.808 Significant 
M Total Potassium Calcium -.8334 -3.016 9.094 Significant 
761 Total Potassium Magnesium +.3072 1. 370 1. 876 Insignificant 
s Total Potassium Magnesium +. 0077 .041 .002 Insignificant 
76S Total Potassium Magnesium -.7187 -4.505 20.298 Significant 
761 Total Iron Calcium -.6773 -3.906 15.257 Significant 




Fraction Variable VS Variable Correlation T-Value F-Value 
D Total Iron Calcium -.8444 
-4.729 27.363 Significant 
M Total Iron Calcium -.9270 
-4.942 24.428 Significant 
761 Acid Soluble Calcium order +.5065 2.492 6.214 Significant 
76S Acid Soluble Calcium order +. 7183 4.501 20.257 Significant 
761 Acid Soluble Strontium order +.5065 2.492 6.210 Significant 
76S Total Strontium order +.6178 3.425 11.730 Significant 
76S Acid Soluble Strontium order +.7183 4.501 20.257 Significant 
761 Total Manganese order 
-.2753 
-1.215 l. 476 Insignificant 
76S Acid Soluble Potassium order 
-.5052 
-2.552 6.512 Significant 
761 Total Strontium/ 
Calcium order +.5693 2.938 8.632 Significant 
761 Acid Soluble Strontium/ 
Calcium order +.5832 3.046 9.279 Significant 
76S Acid Soluble Strontium/ 
Calcium order +.7556 5.028 25.282 Significant 
761 Total Calcium/ 
Magnesium order 
-. 4989 2.443 5.966 Significant 
761 Acid Soluble Calcium/ 
Magnesium order -.6813 -3.948 15.589 Significant 
76S Total Calcium/ C1 
Magnesium order +.8248 6.359 40.439 Significant (X) 
APPENDIX D 
T-TEST OF POPULATION MEANS 
T-Value T-Value T-Value Element 761 vs s 761 VS D S VS D 
Total Analysis 
Strontium 3.39 significant 2.58 significant 7.48 significant 
Calcium 1.24 insignificant 1.20 insignificant 3.23 significant 
Magnesium 32.93 significant 
.49 insignificant 6.93 significant 
Manganese 1.44 insignificant 
.04 insignificant 3.54 significant 
Sodium 1.37 insignificant 
.88 insignificant 
.55 insignificant 
Potassium 2.28 significant 
.49 insignificant 1.68 insignificant 
Iron 5.57 significant 
.02 insignificant 6.06 significant 
Acid Soluble 
Strontium 2.94 significant 2.40 significant 6.97 significant 
Calcium .05 insignificant 
.01 insignificant (·01 insignificant 
Magnesium 2.51 significant 
.42 insignificant 6.51 significant 
Manganese 2.27 significant 
.01 insignificant 1.02 insignificant 
(j) 
lO 
T-Value Element 761 vs s 
Sodium .78 insignificant 
Potassium .18 insignificant 
Iron 3.13 significant 
Acid Insoluble 
--
Strontium .90 insignificant 
Calcium .21 insignificant 
Magnesium 4.09 significant 
Manganese 2.96 significant 
Sodium .22 insignificant 
Potassium 2.72 significant 
Iron 1.82 insignificant 
T-Value 



























John Siegfried Trapp was born on January 1, 1942 in Enderlin, 
North Dakota. He is the son of Mr. and Mrs. Otto Trapp of Enderlin. 
He received his primary and secondary education in the Enderlin public 
school system. In June, 1967, he received a Ph.B. degree from the 
University of North Dakota in Grand Forks, North Dakota. 
Mr. Trapp served three years in the United States Army and has 
received an honorable discharge. 
He has been enrolled in the Graduate School of the University of 
Missouri - Rolla since September, 1967, and he is a graduate teaching 
assistant in the Department of Geology. 
Mr. Trapp is married to the former Julie Anne Fiala. 
